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CHAPTER 1 
 
 
 
INTRODUCTION 
 
 
 
1.1 Introduction 
 
It is generally agreed that one of the most important factor that causes asphalt 
pavements to crack and disintegrate is binder aging, because of hardening phenomena. 
Hardening of the binder occurs in two different stages. The first stage is short-term 
aging, because of loss of binder volatile components during mixing. The second stage is 
long-term aging, because of oxidative hardening during service life. The hardening that 
results from loss of volatile components has recognized as the significant and the 
highest aging stage. The hardening that results from oxidation may be strong function of 
the source or the chemical composition of the original binders. The fact has been proven 
by early studies on binder aging Anderson (1994). 
 
 In the last decades, a significant amount of research has been focused on the use 
and behavior of asphalt cements within pavement applications. It is well documented 
that environment plays a significant role in characterizing the paving material properties 
as a function of time, which in turn affects the pavement performance. The major 
environmental factors that affect material properties include temperature and moisture 
changes with time. The original Superpave performance system developed through the 
Strategic Highway Research Program (SHRP) incorporated mixing and environmental 
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effects as integral components. This has provided the capability to predict temperature 
and moisture conditions in the structure of the pavement throughout its service life and 
thus account for specific, short-term and long-term effects of mixing and climate on 
material properties and pavement performance. 
 
An exclusive of laboratory studying attempted to evaluate neat bitumen physical 
properties. Bitumen are according to the specification that given by Malaysia 
Department of Public Works (JKR). This procedure will reflect the binder aging during 
first stage that mentioned above and binder will compare with short-term aging 
simulation. The second stage of binder hardening during service life will simulate by 
pressurized aging vessel (PAV) according to (SHRP) research where it is available in 
American society of Testing Materials (ASTM). This simulation attends to predict 
aging during service life between 7 to 10 years as proven recently by Strategic Research 
Highway Program (SHRP). Aging tests predict binder aging and thus predict its effect 
on pavement performance. 
 
 
 
1.2 Problem statement 
 
Typically, most aging binder specifications conducted by advanced tests such as 
dynamic shear rheometer where it can be considered to be one of the most complex and 
powerful instruments for characterizing the flow properties of bitumen. SHRP research 
has improved binder experimental procedures, specifications and evaluation. Local 
specification is normally based on conventional properties such as penetration, 
viscosity, and softening point. There are no items to predict these elements and to be 
specifically related to the local conditions. 
 
Thus there is a need for detail study the effect of aging using Rolling Thin Film 
Oven Test (RTFOT), and the pressure aging vessel (PAV).  
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1.3 Objectives 
 
This study was intended to simulate the aging process by using Rolling Thin 
Film Oven Test to compare with Pressure Aging Vessel by using two procedures in 
term of short and long-term aging. Three types of bitumen was used according to JKR 
bitumen. This study also looked into the properties of the bitumen after each process 
bitumen aging. 
 
 
 
1.4 Scope of the Study 
 
This study involves laboratory experiments where this study focus on three 
samples of fresh bitumen 80/100, 60/70, and PG70 which obtained from mix plants and 
were tested to find their conventional properties based on penetration, softening point, 
and viscosity tests. All tests were conducted at Transportation laboratory Universiti 
Teknoligi, Skudi Johor. 
 
  
 
 
CHAPTER 2 
 
 
 
LITRATURE REVIEW 
 
 
 
2.1 General Introduction  
 
In the last decades, a significant amount of research has been focused on the use 
and behavior of asphalt cements within pavement applications. It is well documented 
that environment plays a significant role in determining the properties of hot mix 
asphalt (HMA) as a function of time, which in turn affects the performance of HMA 
pavements. The major environmental factors that affect HMA material properties 
include the changes of temperature and moisture over time. 
  
In case of asphalt mixes, research conducted in Strategic Highway Research 
Program, SHRP A-005 clearly showed the environmental effect (temperature) on the 
age hardening characteristics of asphalt binders.  The study concluded that higher mean 
annual air temperatures result in relatively higher rate of aging compared to the cooler 
climates. The study also showed the effect of other parameters such as volumetric 
properties and the location of the asphalt layer in the pavement system on asphalt mix 
aging. Higher air voids results in higher oxidation and hence more stiffening of the 
asphalt mix. Asphalt layers that are located deeper in the pavement system do not come 
in direct contact with air; as a result, the oxidation of the binder in these layers is 
reduced. Therefore, the stiffening of the asphalt mix is inversely proportional to the 
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depth at which it is located in the pavement system. On the other hand, moisture does 
not have any significant effect on the aging properties of asphalt mixes. However, 
moisture may result in stripping phenomenon, which will eventually affect the 
durability. 
 
Hardening or aging of the original asphalt binder, due to the plant mix process 
(short-term aging) and normal in-situ aging (long-term aging) are extremely complex 
phenomena because of the numerous factors that influence the rate of aging. While the 
mechanism of aging is complex, its impact on pavement performance is generally 
understood. The short and long term aging processes result in the hardening of the 
asphalt binder with time. Thus, overall response i.e., dynamic modulus of the asphalt 
mixture also gradually increases in rigidity with time. 
 
 
 
2.2 Effects of Binder aging on HMA 
 
In general, it is essential that short-term aging of mixtures in the field be 
controlled and that long-term aging is not excessive. While it is important to note that 
short-term aging in the field can be controlled through mixture specifications and by 
appropriate quality assurance, long-term aging is more uncertain. As the asphalt mix 
becomes more rigid with the aging process, an increased susceptibility to cracking and 
fracture occurs. This hardening of the asphalt cements (mixture) aids in the 
development of several distress types, which may ultimately lead to the failure of the 
pavement system. However, binder properties are not the only cause of the development 
of the distress, they are considered to be the very important to the overall performance 
of any flexible pavement system.  
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2.3 Bitumen Physical Properties  
 
For most engineering and construction purposes, the physical characteristics of 
asphalt cements are usually used in specifications. Physical characteristics are related to 
the chemical composition and any change in chemical properties is reflected on the 
physical properties. The main physical measures used are by the paving industry are: 
 
1. Consistency (flow properties) 
2. Purity 
3. Safety 
 
 
 
2.3.1 Consistency 
 
Consistency is used to describe the viscosity or the degree of fluidity of asphalt 
at a specific temperature. It is important to use a specific temperature when comparing 
the consistencies for different asphalts. This is because asphalt is a thermo-plastic 
material and its flow properties highly depend upon the temperature. At cold 
temperatures it is hard and behaves like an elastic material, whereas at high 
temperatures it is more viscous and flows under the action of gravity. The following are 
common, standard tests for measuring the consistency of asphalt. 
 
• Dynamic Shear Modulus (G*) 
• Viscosity 
• Penetration 
• Softening point 
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2.3.1.1 Dynamic Shear Modulus (DSM) 
 
The DSM is determining the linear visco-elastic properties of asphalt binders 
required for specification testing and is not intended as a comprehensive procedure for 
the full characterization of the visco-elastic properties of asphalt binder. The Dynamic 
Shear Rheometer (DSR) is the standard test method (AASHTO TP5-98) for 
determining the DSM and is applicable both to un-aged and aged asphalt binders. 
 
The two properties obtained using the DSR are the complex shear modulus, G* 
and the phase angle. The G* is defined as the ratio calculated by dividing the absolute 
value of the peak-to-peak shear stress, τ, by the absolute value of the peak-to-peak shear 
strain, γ. The phase angle, δ, is the angle in radian between a sinusoidally applied strain 
and the resultant sinusoidal stress in a controlled strain testing mode or between applied 
stress and resultant strain in a controlled stress testing mode. 
 
The test can be carried out at various temperatures and frequencies. Oscillatory 
loading frequencies using this standard can range from 1 to 100 rad/s using a sinusoidal 
waveform. Specification testing is performed at a test frequency of 10 rad/s. The test 
temperatures for this test is related to the temperature experienced by the pavement in 
the geographical area for which the asphalt binder is intended. The complex shear 
modulus obtained at a specific frequency and temperature is an indicator of the stiffness 
or resistance of asphalt binder to deformation under load. The complex shear modulus 
and the phase angle define the resistance to shear deformation of asphalt binder in the 
linear visco-elastic region. Other linear visco-elastic properties such as the storage 
modulus (G’), or the loss modulus (G”), can be calculated from the complex modulus 
and the phase angle. The loss modulus (G”) is a measure of the energy dissipated during 
each loading cycle. 
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2.3.1.2 Viscosity 
 
Standard viscosity measurements are generally conducted at two major 
temperatures: 60°C and 135°C for most specifications. The 60°C temperature typifies 
the maximum asphalt pavement temperature in service, whereas 135°C is generally 
represents mixing and lay-down temperatures for hot asphalt. 
 
The viscosity test at 60°C is generally carried out by capillary tube viscometers 
(ASTM D2171). Two commonly used viscometers are the Asphalt Institute Vacuum 
Viscometer and the Cannon-Manning Vacuum Viscometer. However, viscosity at 
135°C is commonly estimated by Zeitfuchs cross arm viscometer. 
 
 
 
2.3.1.3 Penetration 
 
The penetration test (ASTM D5) is an empirical measure of asphalt consistency. In this 
test, a needle with a standard weight is allowed to bear on the surface of asphalt cement 
for a given specified time. The distance, in units of 0.1 mm, which the needle penetrates 
into the asphalt cement, is the penetration measurement. The test can be carried out over 
a wide range of temperatures. However, if the test temperature is not specifically 
mentioned, the ASTM recommends the test to be done at 25°C with 100 grams of load 
for 5 seconds. Other conditions may be used for special testing, such as the following: 
 
Temperature, °C Load, gms Time, sec. 
0 200 60 
4 200 60 
46.1 50 5 
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2.3.1.4 Softening Point 
 
A softening point test is used to determine the temperature at which the fluidity 
of asphalt begins (ASTM D36). The softening point is sometimes called the Ring and 
Ball test. 
 
Temperature is important because it denotes an equi-viscous point for all asphalt 
materials. Samples of asphalt loaded with steel balls are confined in brass rings 
suspended in a beaker of water, glycerin or ethylene glycol at 25 mm (1 inch) above the 
metal plate. The liquid is then heated at a prescribed rate. As the asphalt softens, the 
balls and the asphalt gradually sink towards the plate. At a moment the asphalt touches 
the plate, the temperature of water is determined and this is designated as the ring and 
ball softening point of asphalt. 
 
 
 
2.3.2 Purity 
 
The solubility test (ASTM D2042) is a measure of the purity of asphalt. Bitumen 
is a major constituent of asphalt and is 99.5 percent soluble in carbon disulfide (CS2). 
Thus the percent of asphalt dissolved in carbon disulfide determines the purity of the 
asphalt cement in question. 
 
 
 
2.3.3 Safety 
 
The temperature at which asphalt fumes ignite generally defines the safety 
aspects of asphalt. Combustible fumes are produced by asphalt upon heating and 
specifications usually require that asphalt fumes produced upon heating should not 
catch fire up to at least 175°C (374°F). The Flash Point test (ASTM D92) is normally 
 10
used to check the combustibility of asphalt as a function of temperature. In this test, 
asphalt is heated gradually. The temperature at which the fumes released from the 
asphalt ignite is defined as the flash point. 
 
 
 
2.4 Relationship between Chemical and Physical Properties 
 
A brief overview of the chemical and physical properties of asphalt cement is 
presented in the previous sections. Both of these properties are used to characterize the 
behavior of asphalt cement, however, for specification purposes, physical properties are 
commonly used. This is because of the ease of measuring the physical properties and 
interdependence of physical properties on the chemical composition. The dependence 
occurs because each chemical fraction does possess a unique set of physical 
characteristics. Table 1 shows the physical characteristics of the chemical fractions 
considered in Corbett-Swarbrick procedure (Selective Adsorption-Desorption). The 
relative percentage of each fraction then defines the physical characteristics of the 
overall asphalt. 
 
Table 1 shows that both saturates and naphthene-aromatic are liquid and have 
lowviscosities compared to solid polar aromatic and asphaltene. It is important to note 
thatall asphalts will have consistencies between the extremes defined by these fractions, 
in which the saturates and naphthene-aromatic are liquids acting as plasticizers for the 
solid polar aromatic and asphaltenes. No viscosity data for asphaltenes are reported in 
Table 1 because they have extremely large viscosities and cannot be determined with 
currently available equipment. 
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Table 1 Elemental Analysis of Representative Petroleum Asphalts 
 
 
 
 
2.5 Factors affecting age hardening 
 
The hardening of asphalt binders occurs in two major stages. These stages are: 
 
1. Plant hot mix and laydown operation 
2. Long term in-service hardening 
 
The basic cause of the hardening during the first stage (Short Term Aging - 
STA) is mainly due to volatilization and oxidation, whereas, oxidation is the major 
factor for the second stage (Long Term Aging - LTA). Several factors are responsible 
for the change in binder properties during these two stages. Some of these factors are 
controllable while others are uncontrollable. A brief discussion of the effect of these 
factors on the aging hardening characteristics of as asphalt binders is discussed below. 
 
 
 
2.5.1 Plant Hot Mix and Laydown Operation 
 
It is a generally accepted fact that a considerable amount of hardening occurs in 
the mixing and laydown operation in a relatively short period of time. This may amount 
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to10 to 30% of the total ultimate hardening of asphalt cement. The major factors 
responsible for hardening during the mixing operation are: 
 
1. Plant Operation 
a. Mixing temperature 
b. Mixing time 
c. Mix composition 
d. Asphalt type 
e. Plant type 
2. Laydown Operation 
a. Delay incurred in compaction after laydown 
b. Rate of cooling 
 
Of all the factors mentioned above, the mixing temperature and the type of 
asphalt cement are considered to be most important elements responsible for the short 
term hardening of asphalt cement. Plant mixing temperatures typically range from 135 
to 177°C. Higher temperatures usually result in higher loss of volatile material in the 
binder and also accelerate the oxidation phenomena. 
 
In addition to the mixing temperature, the type of asphalt (ie. asphalt grade) is 
critical to the hardening phenomenon. Softer (low viscosity) asphalts are more prone to 
change compared to harder (high viscosity) grade asphalts. However, it is important to 
realize that higher temperatures during mixing and laydown are usually required for 
harder grade asphalts. Thus, this shows a direct link between the asphalt grade and the 
mixing temperature. This is also evident from Asphalt Institute specifications for 
mixing asphalt. The Asphalt Institute criteria requires that the mixing should be done 
between 150 to 190 centistokes and compaction is accomplished between 250-310 
centistokes for all asphalt cement types. Thus higher temperatures are required to 
achieve these consistency limits for higher-grade asphalts. 
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 Mixing time refers to the time it takes to mix the aggregate with asphalt cement. 
Longer mixing time will result in greater hardening of the asphalt cement if all other 
variables are kept constant. Greater hardening is due to the fact that asphalt is exposed 
to a high temperature (135-177°C) for a longer time period, which results in more loss 
of volatile material and also more oxidation. In contrast to long-term aging, mix 
composition does not have a significant effect upon the hardening of asphalt cement. 
This was also concluded by Bright (1962) based upon three different types of mixes 
used in the plant mix operation. 
 
In summary, all the factors discussed do have some effect on the hardening 
phenomenon during the mix/laydown process. Unfortunately, not enough knowledge is 
currently available to quantitatively evaluate the impact of each parameter upon the 
consistency temperature shift from the original asphalt cement properties to those 
obtained at the mix/laydown conditions. 
 
 
 
2.6 aging simulation  
 
Procedure on age hardening properties was carried out under the Strategic 
Highway Research Program, SHRP A-003A to simulate short and long term aging in 
the laboratory. As a result of the conduct in SHRP, laboratory procedures were 
developed to simulate the hardening potential of asphalt binders and mixes. The two 
procedures developed were: American Association of State Highway and 
Transportation Officials, AASHTO Designation: PP1-98, Standard Practice for 
Accelerated Aging of Asphalt Binder Using Rolling Thin Film Oven Test (RTFOT) and 
Pressurized Aging Vessel, PAV for the asphalt binders. The approaches followed in 
these procedures are of great value for the ongoing research on pavement aging; 
however, due to the limited resources and time constraints under the SHRP program, 
these provisional procedures developed have certain limitations. 
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NCHRP 9-23, Environmental Effects in Pavement Mix and Structural Design 
Systems, research study was initiated to verify the work done under SHRP and to 
provide conclusions on the significance of limitations associated with the existing 
protocol. 
 
Overcoming these limitations would involve the validation of these procedures 
with respect to their capability of predicting the age hardening characteristics of asphalt 
binders and mixes. To achieve this objective, laboratory tests were conducted on the 
binders and their mixes. 
 
 
 
2.6.1 Short-term aging  
 
Changes in asphalt binder characteristics that occur during the mixing, lay 
down, and compaction processes were associated with short-term aging. Early In 1940, 
Lewis and Welborn introduced the TFO test for differentiating volatility and hardening 
characteristics of asphalts. In 1963 Hveem, Zube, and Skog introduced the RTFO test in 
specifications for the CALTRANS). Bell, 1989, summarized the test methods that have 
been used to simulate the short-term aging on asphalt binders. He identified six test 
methods: 
 
1. Thin film oven test 
2. Shell microfilm test 
3. Rolling thin film oven test 
4. Rolling microfilm oven test 
5. Tilt-oven durability test and 
6. Thin film accelerated aging test 
 
Initially, the Rolling Thin Film Oven (ASTM D 2872) and Thin Film Oven 
(ASTM D1754) tests were both being utilized for short-term aging in the Superpave 
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asphalt binder specifications. The same authors stated that further investigation of these 
test methods were discontinued and “attention was given to long-term field aging which 
is not addressed in the current specifications”. In the final version of the PG 
specification, the RTFO test was selected to approximate short-term aging. Film Oven 
Test (TFOT) ASTM D 1754 and Rolling Thin Film Oven Test (RTFOT) ASTM D 
2872, were reviewed and questions were raised with regard to the calibration of these 
methods for different plants, operating conditions, asphalt sources, and aggregate types. 
An in-depth study to validate and cross-correlate the two test methods was considered, 
however, a comprehensive evaluation of TFOT test and RTFOT test methods would 
have consumed a disproportionate amount of the available resources. Therefore, further 
study of the two methods was discounted and attention was given to long-term field 
aging, which is not addressed in the current specifications. In order to simplify the 
specification, the rolling thin film oven test was chosen as the single test for the new 
Superpave asphalt binder specification. 
 
The RTFOT test can be completed more rapidly than TFOT test, the RTFOT test 
is preferable for polymer-modified binders, and there is less between-laboratory 
variability for the RTFOT test than for TFOT test. Hence the RTFOT test was chosen in 
preference to the TFOT test. If both the RTFOT and TFOT tests were retained in the 
Superpave asphalt binder specification the net effect would have been to double the 
number of grades because different asphalt cements and different asphalt binders 
respond differently to the two tests. 
 
 
 
2.6.2 Long-Term Aging 
 
Asphalt binders age due to two major mechanisms: volatilization or short-term 
aging and oxidation or long-term aging. The in-service or long-term aging of asphalt 
binder represents slow, longer term oxidation. Due to relatively moderate in-service 
temperatures, long-term volatilization is slow. Thus, the in-service aging or long-term 
 16
aging is mainly related to oxidation of asphalt binders. In the Superpave asphalt binder 
specifications, long-term aging is represented by the PAV test, which reflects both the 
chemical and physical changes of asphalt binders in-service. 
 
The PAV test is intended to approximate five to ten years of in-service aging. 
However, several factors affect in-service aging, which could influence this 
approximation. These factors are: local climatic conditions, aggregate type, absorption, 
mixture type, asphalt film thickness, air-void content, traffic loading, and asphalt 
chemical composition. 
 
In reviewing previous efforts to select a long-term aging test, the PAV test was 
adopted for Superpave because it is a relatively fast and simple procedure. 
